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Summary 

Most of the carbohydrate was removed from influenza, virus MRC II  (H3N2) 
and its purified hemagglutinin (HA) on treatment with glycosidases, including 
e-mannosidase, ~-N-aeetylglucosaminidase, ~-galaetosidase and ~-fucosidase. 
The release of 50 per cent of the carbohydrate from intact virus particles signif- 
icantly affected hemagg]utinating activity. The ability of untreated and glycosid- 
ase-treated virus to inhibit the binding of antibodies directed against the hem- 
agglutinin was almost indistinguishable b) ~ competitive radioimmunoassay (RIA). 
Up to 60 per cent of the carbohydrate from the purified HA of influenza virus 
could be removed. The antigenicity of glycosidase treated HA molecules decreased 
8-fold compared to intact HAs as measured by competitive RIA. In  addition, 
glycosidase digestion of l~SI-]abeled HA resulted in a decrease in its reactivity in 
direct RIA. 

We conclude that  the carbohydrate portion of the HA of influenza virus is not 
of major importance in defining the antigenieity of HA. 

Introduction 

Hemagglutinin (HA) is the major surface antigen of influenza virus. Anti- 
bodies tha t  neutralize virus infectivity are directed against this glycoprotein, and 
recurrent influenza epidemics are associated with changes in its antigenic structure 
(21, 27, 39, 51). The HA accounts for 25 to 35 per cent of the weight of virus 
particles. 

HA is composed of two different glyeoprotein subunits which may be present 
in uneleaved form (HA, mol. wt. 75,000) or in cleaved form. These subunits are 
called heavy (HA 1) (mol. wt. of about 50,000) and light (HA2) (mol. wt. of 
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about 25,000) chains and are held together by covalent disulfide bonds (26, 50). 
The HA molecule contains about 25 per cent carbohydrate by weight. The carbo- 
hydrate moiety of HA comprises two distinct types of oligosaccharide side chains. 
The predominant oligosaccharide chain, type I, has a tool. weight of about 2800 
and contains N-aeetytglucosamine, mannose, galactose, and fucose. The smaller 
oligosaceharide side chains, type II, tool. weight of about 1600 to 2200 contains 
high amounts of mannose in addition to N-acetylglucosamine (49, 40, 7, 33). The 
carbohydrate moieties are linked to polypeptides by N-glycosidic linkages be- 
tween N-acetylglucosamine and asparagine (t9). There are variations in carbo- 
hydrate content and in the ratios of the constituent sugars which may be due to 
conditions of virus growth or to the virus strain used (7, I5, 34). These differences 
are probably due to the nature of the glycosyl transferases present in different 
host cells (10, 36, 41). 

However, the role of the carbohydrate components of influenza viral glyco- 
proteins in the expression of their biological activities is not clear. Thus, virus 
particles were produced with unglycosylated or partially glycosylated viral glyco- 
proteins wheni nhibitors of glyeosylation were present during synthesis of the 
virus. Such partieles lacked or possessed significantly reduced hemagglutinating 
activity (41, 22, 18, 32). On the other hand, the removal of some sugars from the 
carbohydrate of intact virus particles and their isolated HAs did not significantly 
affect hemagglutinating activity (8). 

The role of carbohydrates in determining the immunological properties of 
viral glyeoproteins has been studied mostly with oneoviruses. The removal of 
most of the carbohydrate from the envelope glyeoprotein gp 71 of Friend Marine 
Leukemia Virus and gp85 of avian sarcoma virus (B77) did not destroy their 
antigenieity (5, 37, 45). On the other hand, the removal of carbohydrates from 
gp85 of avian myeloblastosis virus eliminated its antigenic activity (45). The role 
of carbohydrate in determining the immunological specificity of influenza virus 
glyeoproteins is still to be resolved (7, 33, 35). In this report, we have investigated 
the antigenic properties of influenza virus hemagglutinin after partial removal of 
carbohydrates. 

Materials and Methods 

Viruses 
The influenza A virus recombinant MRC-II, which is antigenieally identical to 

A/Port ChMmers/1/73 (it 3N2), was used. The virus was grown in embryonated eggs 
and purified as described elsewhere (20). 

Virus Assay 
Virus yields were assayed by hemagglutination titra~ions as previously described 

(9). 
Neuraminidase Assay 

Released N-acetylneuraminic acid was determined by the method of AMINO~'F (1) 
as recommended by the WHO procedure (2). The final NAse activity was expressed in 
terms of specific NAse activity. 

Protein Assay 
Protein was estimated by the method of Low~¥ et al. (30) using BSA (Sigma) as 

standard. 
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Isolation of the Hemagglutinin 
Bromclain-re lcased inf luenza H A  was obta ined  by  t r e a t m e n t  of purif ied virus  

prepara t ions  wi th  bromcla in  (Serva B) and was purif ied by  sucrose densi ty  grad ien t  
cent r i fugat ion  (6). A commerc ia l  b romela in  p repara t ion  was addi t iona l ly  purif ied by  
the  m e t h o d  of LYleN (31). 

The  purif ied bromela in  p repara t ion  was obta ined  by  the  courtesy of Kolesnikov,  
V. V. No residual neuramin idase  ac t i v i t y  was detected in the  bromelain-re leased 
hemagglut in in .  The  isolated hemaggtu t in in  was analyzed by  SDS-polyaery lamide  gel 
electrophoresis  under  nonredue ing  condit ions and under  reducing condit ions for HA1 
and  HA2 polypept ides  to conf i rm the  absence of any  con tamina t ing  proteins  (25). 

A ntisera 
H y p e r i m m u n e  ant isera  to purified H A  was obta ined  by  inocula t ing 150 ~zg of 

ant igen  in complete  F reund ' s  a d j u v a n t  (CFA, Difco Laborator ies ,  Detroi t ,  Mich.) 
into l y m p h  nodes of adu l t  rabbits .  

The  same ant igen  dose was given in t ramuscu la r ly  and  in t ravenous ly  three  weeks 
later,  and the  animals  were bled af ter  a fur ther  7 days. The an t i se rum was heat-  
i nac t iva ted  a t  56 ° C for 30 minu tes  before use. The  pooled serum was examined  for 
virus-specific ant ibodies  by  hemagglu t in in- inhib i t ion  (12), immune-doub le  diffusion 
(38) and  immunoprec ip i t a t ion  (42, 4). 

Iodination el the Viral Sur]ace Glycoproteins 
The surface vi ra l  g lyeoproteins  were labeled wi th  125I by  lac toperoxidase-ca ta lyzed  

radioiodinat ion  as described by  STAIqLEY and  HASI~A~ (44). Puri f ied virus  (500 ~g) 
was suspended in 50 ~1 of phosphate-buffered  saline (plcI 7.2) conta in ing 20 y.g (1.4 U) 
of lac toperoxidase  (Sigma). 1~5] (200 ~xCi) was added followed by  10 lzl of 0.03 per  cent  
H~O~. The  vi rus  was mixed  v igorous ly  and  incubated  a t  37°C  for 5 minutes .  The  
react ion was t e rmina t ed  by  addi t ion  of 10 ml of chil led phosphate-buffered  saline. 
l~ I - l abe lcd  virus  was pel le ted by  u l t raeen t r i fuga t ion  and  washed twice wi th  phosphate-  
buffered saline. The  specific r ad ioac t iv i ty  of the  iodina ted  virus  p repara t ion  was 
1.2 × 10 s c p m / ~ g  protein.  More t h a n  50 per  cent  of this  r ad ioac t iv i ty  was acid insoluble.  

Iodination o / t t A  
H A  was iodina ted  by  the  procedure  of GREENWOOD et al. (14). 10 ~g of g lycoprote in  

in 50 ~1 of 0.2 ~ phospha te  buffer  (p i t  7.4) was reac ted  wi th  1 mCi of Na  125I in the  
presence of 15 ~g of ch loramine  T for 45 seconds. The  react ion was t e rmina t ed  by the  
addi t ion  50 ~g of po tass ium metab i su l fa te  in 300 t~l of Na-phospha te  buffer  (pH 7.5). 
The  ent i re  m ix tu r e  was p u t  on to a Sephadex  G-25 superf ine co lumn (10 by  0.5 cm) 
and  e la ted  wi th  R I A  buffer  (10 m ~  Tris HC1; 1 m ~  E D T A ;  100 mM NaC1; 0.2 per  cent  
Tr i ton  X i00;  0.2 per  cent  bovine  serum albumin,  pI-I 7.2). 0.5 ml  fract ions were collect- 
ed  and those conta in ing  labeled H A  were pooled. The  H A  conta ined  1.5 × 107 cpm/~tg 
of protein .  94 per  cent  of this  r ad ioac t iv i ty  was precipi table  wi th  10 per  cent  t r ichloro-  
acetic acid and more than  40 per cent  was precipi table  wi th  homologous  an t i se rum 
at  a d i lu t ion of 1 :20.  

Radioimmunoassay 

The double  an t ibody  R I A  procedure  was per formed as described by  VLASENKOVA 
et al. (47). I n  the  compet i t ion  assay, increasing amount s  of the  mate r ia l  to be tes ted  
were added in a 100 ~1 vo lume  to 10 ~zl of rabbi t  immune  serum (at a d i lu t ion t h a t  
p rec ip i ta ted  50 per cent  of the  precipi table  iod ina ted  ant igen)  w i th  5 per  cent  no rmal  
rabbi t  serum. Then  10 ~1 al iquots  of labeled ant igen  (40,000 c p m / m i n  ; 3 ng) were  added.  
All di lut ions were m a d e  in R I A  buffer.  

The  mix tures  were incuba ted  for 2 hours at  37 ° C. Then  50 ~1 of an t i se rum to 
rabbi t  globulins were added and incuba ted  for I hour  a t  37 ° C, and  t h e n  overn igh t  
at  4 ° C. Immunoprec ip i t a t e s  were  washed twice wi th  I~IA buffer  and  coun ted  in a 
Packa rd  A u t o g a m m a  counter .  The  percentage  inhibi t ion  for each concen t ra t ion  of 
compet ing  an t igen  was c a l c u l a t e d .  

18a Arch. Virol. 67/3 
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Briefly, in the direct assay, dilutions of antiserum with 5 per cent normal rabbit 
serum were reacted with iodinated H A  (50,000 cpm/min, 3 ng). The procedure de- 
scribed for the competition method was then followed to complete the assay procedure. 

Preparation o] Glycosidase Enzymes 
a-D-mannosidase was prepared from bromelain by the method of LI and LEE (29). 

-D-galactosidase and ~-D-N-aeetylgtucosaminidase were purified from Sweet Almond 
Emulsin by the method of LEE (28). a-L-fucosidase was prepared from calf kidney 
as described previously (48). These enzymes were purified and assayed as described 
elsewhere (3). Glyeosidase activities were assayed by the use of the appropriate 
p-nitrophenylglycosides as substrates with a unit (U) of enzyme activity defined as the 
release of 1 amole of p-nitrophenol per minute at 37 ° C. 

Specific activities of 134 U of a-mannosidase, 128 U of ~-galactosidase, 109 U of 
~-N-acetylglycosidase, 54 U of ~-fucosidase per mg of protein were obtained for the 
glycosidase preparations. No proteolytic activity was detected by the casein substrate 
assay. 

Glycosidase Treatment o/ Virus and Isolated Hemagglutinin /or Competition RIA 
Virus and hemagglutinin preparations, at concentrations of 2 mg/ml and 1 mg/ml 

respectively, were dialyzed exhaustively against 0.05 ~ sodium phosphate buffer 
(pH 7.2), 0.85 per cent NaC1 and 0.01 per cent NaNa, prepared in tridistilled water to 
remove free sugars. The first buffer was then reptaeed by 0.05 ~ phosphate-citrate 
buffer (pl{ 5.75) and the glycosidase enzyme mixture containing 55 U of a-mannosid- 
ase, 32 U of ~-galaetosidase, 60 U ~-N-acetylgtucosaminidase and 27 U of a-fucosidase 
per 1 mg of viral protein was added and incubated at 37 ° C for 60 hours. Virus and 
hemagglutinin treated in the same way but without glyeosidase (control sample), and 
untreated preparations of virus and hemagglutinin (initial sample) were used as 
controls. The reaction was terminated by pelleting the samples containing virus at 
100,000×g for 20 minutes. The percentage of the removed sugars :from the virus 
and its purified hemagglutinin was determined by using the ferrieyanide assay technique 
(see below). 

After digestion, samples were removed for analysis by SDS-polyaerylamide gel 
electrophoresis and by competition RIA.  

Glyeosidase Treatment o] 125I-Labeled Hemagglutinin /or Direct RIA  
~25I-labeled hemagglutinin (approximately 5× 106 cpm) was digested with the 

glycosidase enzyme mixture as described above. Controls used were as follows: 12aI~ 
labeled hemagglutinin treated in the same way without glyeosidase (control sample) 
and untreated 125I-laheled hemagglutinin (initial sample). After digestion, samples 
were analyzed by direct RIA. 

SDS- Polyaerylamide Gel Eleetrophoresis 
SDS-polyaerylamide gel electrophoresis was done with 10 per cent resolving gels 

prepared by the method of LAE~MLI (25). Protein was detected by staining with amido- 
black 10B (Serva) and carbohydrate was detected with the periodic acid-Schiff 
technique of FAI~BAN~:S et al. (11). Gels were scanned at 560 nm in a Gilford spectro- 
photometer equipped with a linear transport system. Gels containing iodinated pro- 
teins were fixed and cu~ into 1 mm slices with a gel fractionator and counted in a 
Packard Autogamma Counter. 

Quantitation o/Carbohydrate 
The determination of the sugar content in untreated and glycosidase-treated virus 

and HA preparations was done by the fcrricianide reducing test as described by KR¥STAL 
and GRAEAM (24). Samples of whole virus and purified HA were dialyzed to remove 
free carbohydrates and salts and then hydrolyzed with 2 :~- HC1 in sealed glass r ims  
under nitrogen at 100 ° C for 20 hours. Some virus samples were first treated with a 
glycosidase mixture, pelleted, and washed three times before hydrolysis. After hydro- 
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lysis, s amples  c o n t a i n i n g  4 0 - - 5 0  n m o l e  of e a r b o h y d r a t e s ,  were qu ick ly  dr ied  u n d e r  
s t r e a m  of n i t r o g e n  a t  r o o m  t e m p e r a t u r e ,  d i sso lved  in  0.2 m l  of t r id i s t i l l ed  wa te r ,  

a n d  t h e n  0.4 m l  m e t h a n o l  was  added .  The  samples  were  app l i ed  to  a c o l u m n  of AG1 × 2 
( O H -  form,  200 - -400  mesh)  i on -exchange  res in  B i o - R a d  p r e e q u i l i b r a t e d  w i t h  70 pe r  
c en t  m e t h a n o l  i n  o rder  to  f r a e t i o n a t e  t h e m  in to  m o n o s a c c h a r i d e s  a n d  a m i n o  acids.  
T h e  c o l u m n  was  w a s h e d  w i t h  10 ml  of 70 pe r  cen t  m e t h a n o l  a n d  t h e  e f f luents  were  
e o m b i n e d  a n d  e v a p o r a t e d  to  d ryness  a t  40 ° C in  a r o t a r y  E v a p o - m i x .  The  dr ied  samples  
were  d isso lved  in  t r id i s t i l l ed  w a t e r  a n d  t h e  t o t a l  suga r  c o n t e n t  was  a s sayed  b y  t h e  
s t a n d a r d  f e r r i cyan ide - r educ ing  m e t h o d .  The  a m o u n t  of sugar  p re sen t  in  a n y  p a r t i c u l a r  
s ample  was ca lcu la ted  b y  c o m p a r i n g  t he  r educ ing  ab i l i ty  of th i s  sample  w i t h  t h a t  of a 
s t a n d a r d  n a m e l y  ~ -D-mannose .  

Results 

Treatment o] Virus and Purified HA with Glycosidase Enzymes 

Laetoperoxidase-eatMyzed iodination with 125I allows specific labeling of the 
viral envelope proteins (44). This method was used to label both, HA and neu- 
raminidase (NA). 125I-labeled virus was treated with the glyeosidase mixture, 
pelleted to separate the particles from enzymes, and then analyzed by SDS-gel 
electrophoresis. No iodinated material was detected in the supernatant which 
indicated that  only the carbohydrate portions of the gb, eoproteins were digested 
and that  the integrity of the proteins was not affected. These results also showed 
there was no protease activity in the enzyme preparations used. HA1 of treated 
125I virus was found to be more heterogenous in size on polyaerylamide gels than 
HA1 of untreated virus (Fig. 1). Nevertheless the HA1 band of treated virus 
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relotJve rnJgrotJon~ crn 

Fig.  1. SDS-po lyae ry l amide  gel e lee t rophores i s  of I~sI-Iabeled surface  g lycopro te ins  
of in f luenza  A/MRC I I  a f t e r  g lycosidase  t r e a t m e n t .  Pur i f i ed  i n t a c t  MRC I I  v i rus  was  
i o d i n a t e d  w i t h  l ac tope rox idase  a n d  t r e a t e d  w i t h  t h e  glycosidase  m i x t u r e  as descr ibed  
in  Mate r ia l s  a n d  Methods .  U n t r e a t e d  ( . -  . )  a n d  g lycos idase - t r ea ted  (o o) 
12aI-labeled v i ruses  were e lec t rophoresed  on  10 pe r  cen t  S D S - P A G E  gel u n d e r  r educ ing  
cond i t ions  a t  3.5 m A / t u b e  for  5 hours .  Gels were  sliced ve r t i ca l ly  i n to  t m m  discs. 
E a c h  slice was c o u n t e d  in  a P a c k a r d  A u t o g a m m a  Counter .  E lee t rophores i s  was  f rom 

lef t  to  r i gh t  

18b Arch. Virol. 67/3 
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migrated to the same position as that of untreated virus. Slight differences were 
found in the migration rate on polyacrylamide gels of HA1 from glyeosidase 
treated and untreated virus (Fig. 2). HAs of 12hi-labeled (Fig. 1) and unlabeled 
(Fig. 2) virus treated with glycosidases was more heterogenous in size than HA2 
of untreated virus. The HA2 band of treated virus migrated further into the gel, 
indicating a decrease in its size. The specificity of glyeosidase for the carbohydrate 
moiety of HA was shown by staining for carbohydrate with periodic acid-Schiff. 
Most of the periodic acid-Schiff-stainable material was removed after enzyme 
treatment of influenza virus (Fig. 3). The intensity of staining of treated HA1 
carbohydrates was reduced considerably in comparison with that  of intact HA1. 
A similar, although less marked, reduction in staining with periodic acid-Schiff 
was observed with treated HAs. 

Fig. 2. Analysis of glycosidase-treated MRC I I  virus by electrophoresis in SDS- 
polyacrylamide gels. Purified virus was digested with glycosidase enzymes as described 
in Materials and Methods, and electrophoresed on l0 per cent SDS-PAGE gel ms 
described in the legend of Fig. 1. Gels were stained with amido-blaek and scanned. 
The resulting curves of untreated ( - - - )  and glycosida~e-treated ( - - - - )  virus 
were redrawn after a base line correction. Electrophoresis was from left to right. The 
upper panel shows the amido-black stained gel of gtycosids se-treated (top) and untreat- 

ed (bottom) virus 

Purified HA was treated with the glyeosidase mixture and analyzed by SDS- 
gel elctrophoresis. The elctrophoretic mobilities of HA1 and HA2 were altered on 
treatment. Both bonds were more heterogenous than those of untreated HA 
(Fig. 4). The additional bands observed in glycosidase-treated HA represent 
glycosidase polypeptides. 
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Fig.  3. The  g lyeopept ide  components  of inf luenza vitals M a C  I I  af ter  t r e a t m e n t  wi th  
glycosidases. Virus was t r ea ted  wi th  enzymes  as described in Materials  and  Methods.  
U n t r e a t e d  (--- --) and  glycosidase- t reated (--  - -  - - )  viruses were electrophoresed on 
10 per  cent  S D S - P A G E  gel as described in the  legend of Fig. 1. Fol lowing electro- 
phoresis, the  glycopept ides  were visual ized by  s taining wi th  PAS reagent  and then  
scanned. The  resul ted curves  were redrawn af ter  a base l ine correction.  Elee t rophores is  

was f rom left  to r ight  

Fig.  4. Analysis  of glycosidase- t reated H A  of inf luenza virus by  eleetrophoresis in 
SDS-polyacry lamide  gels. Pur i f ied H A  was t rea ted  wi th  glycosidase enzymes  as 
described in Materials  and Methods  and electrophoresed on 10 per  cent  S D S - P A G E  
get as described in the  legend of Fig.  1. Gels were s ta ined wi th  amido-b lack  and  scanned.  
The  resul t ing curves of un t r ea t ed  ( - - - - - )  and glycosidase- t reatcd ( . . . .  ) H A  
were r ed rawn  af te r  a base l ine correct ion.  The  upper  panel  shows the  amido-black  
s ta ined gel of g lycosidase- t reated {top) and  un t r ea t ed  (bottom) HA.  Electrophoresis  

was f rom ]eft to  r igh t  

1 8 b *  
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There was a correlat ion between these da ta  and the amount  of ca rbohydra te  

r emoved  from intact, virus and it, s purified H A  after  glycosidase t r ea tment .  The  

q u a n t i t y  of sugars released was de te rmined  by  the ferricianide reducing tes t  and 
are shown in Table  1. 

Table t. Amount o/ carbohydrate removed /rom influenza virus and puri/ied H A  by 
glycosidase treatment 

Preparation 

Amount of Carbohydrate 
carbohydrate content- Percentage 
m~ole/100 ~g per cent of sugar 
of protein of total  ~ released a 

t. In tact  virus 

2. Glycosidase-treated virus 

3. Supernatant fluid after pelleting 
the treated virus 

4 Isolated HA 

5. Glycosidase-trcated isolated HA 

23.5--30.4 4.5--5.5 

12.2--16.4 2.2--3.0 45 - -52  

1 1 . 3 - - 1 4 . 8  2.0--2.7 45.5--48.8 

82 14.8 

48 --51.8 8.6--9.3 58.6---63.0 

a Each value represents the mean of three experiments 
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Fig. 5. Effect of glyeosidase t reatment  on the antigenic reactivi ty of virus bound I-IA 
in competition radioimmunoassay. 125Idabeled HA (40,000 cpm) and a limiting antibody 
dilution (1 : 2000) of anti HA serum were used in the reactions. Each point represents 
the mean i range of duplicate determinations. MRC I I  was treated with glycosidase 
enzymes as described in Materials and Methods. Competing antigens were: (. --.) 
initial virus; (× --.-- × ) control virus incubated under the same conditions but 

without glyeosidase, (o -- -- -- o) glycosidase-treated virus 



Role of Carbohydrate in Antigenici ty of Influenza Virus Hemagglutinin 261 

Antigenic Reactivity o I Virus Bound HA Treated with Glycosidases 

The effect of the  r emova l  of c a r b o h y d r a t e  b y  glycosidase d iges t ion  on the  
an t igen ic i ty  of v i rus  bound  H A  was de t e rmined  b y  compe t i t i on  R I A .  Hemag-  
g lu t ina t ing  ac t i v i t y  was measured  in vi rus  samples  used as compet ing  ant igens  
320,000 H A U / m g  of p ro te in  were ob ta ined  in an  u n t r e a t e d  vi rus  sample ;  80,000 
t t A U / m g  in a control  v i rus  sample  (virus i ncuba ted  under  the  same condi t ions  
b u t  w i thou t  glycosidase)  and  640 H A U / m g  in a glycosidase t r e a t e d  vi rus  sample.  
The  same samples  were used for gel e lc t rophoresis  or  ana lyzed  for  t he  release of 
c a r b o h y d r a t e  to  ensure t h a t  the  tes ts  were m a d e  on the  ma te r i a l  f rom which 
c a r b o h y d r a t e  had  been cleaved.  

Diges t ion  of inf luenza vi rus  wi th  the  mix tu r e  of four  glycosidases had  no effect 
on the  an t igen ic i ty  of the  HA.  Fig.  5 shows t h a t  the  inh ib i t ion  of b inding  of 
i od ina t ed  H A  to i ts  homologous ant i sera  b y  glycosidase t r e a t e d  and  u n t r e a t e d  
vi rus  bound  H A  was the  same. I n  bo th  cases the  same concent ra t ion  (20 to  50 ~tg 
of prote in)  i nh ib i t ed  the  b ind ing  of i od ina t ed  H A  to  i t s  homologous an t i se rum b y  
50 per  cent.  

,ool 

i !t 

7 6 5 Z 3 2 I 

{g (competing protein,pg) 

Fig. 6. Effect of glycosidase t rea tment  on antigenicity of purified H A  in competi t ion 
radioimmunoassay.  The reaction mixture  was the same as described in the legend of 
Fig. 5. Each point represents the mean =t= range of duplicate determinations. Competing 
antigens were initial  H A  (.  .),  control HA incubated under the same conditions 
without,  g!yeosidase ( x -- • --  X } glycosidase-treated H A  (o --  --  --  o), glycosidase 

control (~ -- -- --  A) 

Antigenic Reactivity o] Purified HA Treated with Glyeosidase 

I so l a t ed  inf luenza virus  H A  was t r e a t ed  wi th  a mix tu re  of t he  four  glycos-  
idases and  i ts  an t igenic  a c t i v i t y  was measured  b y  compet i t ion  assay.  Fig.  6 shows 
t h a t  pur i f ied H A  t r ea t ed  wi th  glyeosidase competed  more  t h a n  8-fold less ef- 
f ic ient ly  t h a n  in t ac t  purif ied HA.  The a m o u n t  of g lycos idase- t rea ted  H A  re- 
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quired for 50 per  cent  inh ib i t ion  of the  b inding of l~SI-labeled H A  to its homologous 
an t ibodies  was more  t h a n  8-fold higher  t h a n  i n t ac t  HA.  The incuba t ion  temper-  
a tu re  and  low p H  in the  control  sample  wi thou t  glycosidasc t r e a t m e n t  had  no 
effect on the  an t igen ic i ty  of pur i f ied HA.  W h e n  a control  H A  sample  was used as 
the  compet ing  an t igen  a compet i t ion  curve ident ica l  to  t h a t  of the  ini t ia l  sample  
of H A  was obta ined .  The glyeosidase control  showed no r eac t i v i t y  a t  any  con- 
cen t ra t ion  (Fig. 6). 

The ant igenic  character is t ics  of H A  were examined  fur ther  b y  measur ing  the  
r eac t i v i t y  of 125I-labeled H A  in a d i rec t  1%IA wi th  a n t i - H A  serum. The capac i ty  
of homologous an t i se rum to p rec ip i t a te  undiges ted  and  glycosidase-diges ted  
125I-labeled H A  was examined,  and  the  resul ts  are shown in Table  2. Glycosidase 
d iges t ion  of iod ina ted  H A  resul ted  in a decrease in the  r a d i o a c t i v i t y  p rec ip i t a t ed  
wi th  homologous an t ibodies  over  a wide range  of an t i se rum concentra t ions  (1/20 
to  1/20,000). A control  sample  of i od ina ted  H A  ( incubated  wi thou t  glycosidase)  
showed a sl ight  decrease in the  amoun t  of r ad ioac t i v i t y  p rec ip i t a t ed  wi th  a n t i - H A  
ant ibodies .  Al though  incomple te  glycosidase d iges t ion  of 125I-labeled H A  m a y  
account  for these observat ions ,  the  ex ten t  of the  r emova l  of the  sugars could no t  
be es tabl ished wi th  the  small  amoun t  of i od ina ted  H A  avai lable .  

Table 2. Amount o/125I.labeled HA precipitated by homologous serum 

Antiserum dilutions 

125I-labeled HA 1/20 1/80 1/320 i/1,280 1/5,120 1/20,480 1/81,000 

1. Ini t ia l  1.0 ~ 0.95 0.93 0.57 0.27 0.12 0.03 
sample  

2. Control 0.94 0.79 0.52 0.22 0.17 0.06 0.02 
sample b 

3. Glyeosidase 0.63 0.54 0.38 0.23 0.1 0.04 0 
t reated sample 

a The amount  of 12aI-labeled HA precipitated by  the homologous antiserum at 1/20th 
dilution was taken as 1.00. All values represent the mean of three determinations 

b 125I.labeled HA was incubated under the same conditions but  without glycosidase 

Diseussion 

A large pa r t  of the  c a r b o h y d r a t e  was removed  from MI~C I I  ( H 3 N 2 )  inf luenza 
vi rus  and  i ts  i so la ted  H A  on t r e a t m e n t  wi th  the  exoglycosidase enzyme mix tu re  
(~-mannosidase,  ~-N-aeetylg lycosaminidase ,  ~-galactosidase and  ~-fucosidase). 
The glycosidase ac t ion  was specific, wi th  no effect on the  i n t eg r i t y  of the  p ro te in  
p a r t  of the  molecule. W e  have  shown t h a t  the  glyeosidase enzymes removed  50 per  
cent  of the  ca rbohyd ra t e  from the  surface g lycoprote ins  of i n t ac t  vir ions,  and  
60 per  cent  from puri f ied HA.  Since s l ight ly  more ca rbohyd ra t e  was released f rom 
iso la ted  H A  t h a n  from the  surface g lycoprote ins  (HA + NA) of the  virus,  i t  is 
l ike ly  t h a t  the  vir ion s t ruc ture  p reven ted  the  enzymes from ac t ing  on the  oligo- 
sacchar ide  chains.  The HA2 ca rbohydra t e s  on in t ac t  v i rus  par t ic les  have  been 
shown to be less accessible to  glycosidases t han  those on pur i f ied soulble H A  (8). 
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Influenza MRC II  virus and its isolated bromelain-eleaved HA were shown to 
contain 4.5 to 5.5 per cent and 14.8 per cent carbohydrate, respectively. Similar 
values have been reported for H0 and H2 virions and their HAs (7, 13, 23, 26). 

The effect of the removal of carbohydrate on the biological functions of HA 
was measured. A significant decrease in HA activity of the virus was seen after 
removal of the carbohydrate. The HA titer of glycosidase-treated virus was 0.2 per 
cent of the initial titre. These results are in agreement with our previous data (3) 
and other data on the inhibition of g]ycosylation of influenza proteins (32, 41). 
The stability of HA after glycosidase treatment of influenza H0 virus (8) may be 
due to the removal of only a small proportion of the carbohydrate. 

Relatively little is known at present about the number, nature and structure 
of the antigenic determinants on influenza virus. Since HA1 is exposed at the 
outer surface of the virion, it seems reasonable to expect tha t  it contains the anti- 
genic sites. Electron-micrographs of WI~IGLEY et al. (52) indicated that  all the 
anti-HA antibodies appeared to be attached near the distal end of the molecule, 
and that  they were unaffected when HA was treated with detergents or isolated 
with proteolytic agents. I t  is known that  HA1 contains most of the HA carbo- 
hydrates (49, 36). 

Further  studies have shown that  a mixture of peptides derived from HA by 
cyanogen bromide cleavage also bound specific antibodies (16). Furthermore, the 
antigenic activity of HA resided within the 170 N-terminal amino acid residues 
of HA1 which also contained most of the carbohydrate (17). 

I t  will be interesting to examine the possible role of carbohydrate in determin- 
ing the antigenicity of HA glycoprotein. 

No change in HA antigenicity of virus particles was observed after glycosidase 
treatment.  However, there was a decrease in reactivity on treating purified HA 
with glycosidase. Glycosidase treatment produced an 8-fold difference in the 
amounts of control antigen and the glycosidase-treated antigen required to dis- 
place 50 per cent of 125I-tabeled HA. In addition, glycosidase digestion decreased 
the ability of homologous antiserum to precipitate 125I counts in direct RIA. The 
difference in the decrease in antigenic reactivity of isolated HA and virus bound 
HA after removal of carbohydrate may depend on a higher conformational 
stability of the latter. 

The decrease in antigenicity of glycosidase-treated isolated HA may imply 
that  carbohydrate side chains are indirectly involved in the glycoprotein antigenic 
reactivity by the stabilization of the conformation of their antigenic determinants. 
Not all of the carbohydrate was removed by the glyeosidase enzyme mixture, and 
the remainder might be important in maintaining the configuration of the mole- 
cule. Complete digestion of the carbohydrate side chains may produce a major 
change in the immunological reactivity of the glycoprotein. Antiserum, raised 
against fully glycosylated HA, appeared to react primarily with the polypeptide 
portions of the molecule. However the specificity of the reaction probably de- 
pended on the molecular conformation of HA, which could be at least partially in- 
fluenced by the carbohydrate. 

The role of carbohydrates in the immunological activity of viral glycoproteins 
had been studied for several oncoviruses (45, 37, 5) and the antigenicity of only 
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GP 85 of avian myeloblastosis virus (45) has been reported to be influenced by the 
carbohydrate. 

However, it can not  be excluded that carbohydrates are responsible for de- 
termining the specificity of the antigenic determinants of the glycoprotein in a 
similar way to that described for the human blood group antigens (46) and the 
carcinoembryonic antigen of the human digestive system (43). 

The lack of an appreciable difference between glyeosidase-treated and un- 
treated hemagglutinin in our experiments may be due to several factors, such as 
the extent of the removal of carbohydrate. On the other hand, oligosaccharide 
chains may stabilize large domains of the HA molecule, so that on removal of 
carbohydrate the efficiency of hemagglutination is reduced, whereas antigenicity 
is unaffected. However, our studies were done with a single influenza virus strain: 
an analysis of a wider range of virus strains should give more information on the 
role of the carbohydrate component on the immunologieal characteristics of in- 
fluenza virus surface antigens. Such data would lead to a better understanding of 
the structure of influenza virus surface antigenic determinants and of the rote of 
carbohydrate in the biological activity of these antigens. 
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